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SEQUENTIAL PROJECTION COLOR DISPLAY USING MULTIPLE 
IMAGING PANELS 

5 Field Of The Invention 

The Invention relates to color display devices generally and, more particularly, to 
optical configurations of sequential projection color display devices using multiple 
imaging panels. 

10 Background Of The Invention 

Standard computer monitors and TV displays are typically based on three 
additive primaries; namely, red, green, and blue, collectively denoted RGB. These 
monitors may not be able to display many colors perceived by humans, since they are 
limited in the range of colors they are capable of displaying. 

15 Existing display devices can be divided into two groups, namely, direct view 

devices and projection devices. The direct view devices include CRT, LCD, LED and 
other types of display. In direct view devices, a display screen is composed of a plurality 
of, for example, RGB pixels, each pixel including a red sub-pixel element, a green 
sub-pixel element and a blue sub-pixel element. The color image is created by the 

20 viewer's visual system, which mentally integrates the colored light arriving from 
spatially neighboring sub-pixels to give a full color impression. 

Projection display systems create images by projecting light on a viewing screen. 
There are generally two types of projection display systems, namely, simultaneous 
displays and sequential displays. Simultaneous projection display systems are based on 

25 projecting light of all primaries (e.g., three primaries) simultaneously onto to the 
viewing screen, whereby color combinations are perceived by spatial integration of the 
colors by the visual system of the viewer. Sequential projection display systems project 
separate images of the different primary colors onto the screen sequentially, at a 
sufficiently high frequency so that the human eye can perceive color combinations by 

3 0 temporal integration of the primary color images. 

There are various types of Spatial Light Modulators (SLMs) for creating the 
patterns used to form the images displayed by projection display systems. For example, 
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Liquid Crystal on Silicon (LCoS) devices or Digital Micromirror Devices (DMD™) 
may be used to create pixilated images for sequential projection devices. In designs of 
"optical engines" for producing the images displayed by projection display systems, 
different configurations of reflective, refractive, polarizing and filtering optical elements 
5 may be used in conjunction with at least one SLM. 

A cross-sectional top-view of an optical engine of a prior art reflective LCoS 
projection display device, using a single LCoS panel, is illustrated schematically in Fig. 
1. A device of this type is described, for example, in Edward H. Stupp, Mathew S. 
Brennesholtz, Projection Displays, John Wiley and Sons, 1999, the disclosure of which 

1 0 is incorporated herein by reference. 

The device includes an illumination unit 101, consisting of one or more light 
sources, e.g., a plurality of high energy arc-lamps, typically high pressure mercury lamps 
as are known in the art, and beam shaping optics, e.g., integrating tunnel or lens-array 
type shaping optics as are known in the art. The light passes through a color wheel 102, 

1 5 which includes typically three, sequentially disposed, primary color filter segments, e.g., 
RGB filter segments, to produce a sequence of primary color image components. In 
additional to the three primary color filter segments, color wheel 102 may optionally 
include a neutral filter segment, which may enhance the over-all illumination intensity of 
the display by providing periods of white-light illumination. The filtered light from color 

20 wheel 102 is transmitted, through a relay lens 103 and a Polarizing Beam-Splitter (PBS) 
104, onto a LCoS panel 105. As is known in the art, only a p-polarization component of 
the imaging light is transmitted through PBS 104. LCoS panel 105 includes an array of 
pixel elements, which are selectively modulated, by driving electronics, to produce a 
sequence of patterns corresponding to a sequence of primary color image components, 

25 which are temporally integrated by the viewer to form the desired color image. Each 
pixel of he LCoS panel 105, when activated to an "on" state, converts the p-polarized 
light into corresponding s-polarized light, as is known in the art, and reflects the 
converted light back towards PBS 104. The converted s-polarized light is then reflected 
by PBS 104 onto a projection lens 106, or arrangement of lenses, which focuses the light 

30 on a display screen, e.g., a reflective display screen or diffusive (i.e., back-illuminated) 
display screen. 
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A drawback of the above configuration is the inherent loss of "second 
polarization" light, i.e., the s-polarization component of the original light transmitted 
through lens 103 and rejected by PBS 104. This loss of power can be reduced by 
implementing conversion techniques, as are known in the art, within ihununation unit 
5 101, for example, mechanical arrangements of polarizing filters, prisms and reflectors 
that convert some of the p-polarized light into s-polarized light; however, only up to 
about 50 percent of the lost light can be recovered using such elaborate techniques, due 
to systemic inefficiencies of the optical configurations used in implementing such 
techniques. 

10 An optical engine including two DMD™ SLM panels has been used by the prior 

art to compensate for low intensity output in the red wavelength in early model 
high-pressure lamps. Such a two-panel configuration is described in detail in Edward H. 
Stupp, Mathew S. Bremesholtz, "Projection Displays", John Wiley and Sons, 1999 
("Stupp-Brennesholtz"), the disclosure of which is incorporated herein by reference. In 

15 this configuration, light from an illumination unit passes through a two-segment color 
wheel, wherein the two color segments are yellow and magenta. A color sphtting prism 
directs either blue light (when the color wheel is in the "magenta" position) or green 
light (when the color wheel is in the "yellow" position) to a first DMD™ panel, which 
modulates the blue and green color components of the image. In both positions of the 

20 color wheel, red light is directed to a second DMD™ panel, which modulates the red 
color component of the image. The reflected ihurnination from both DMD™ panels is 
merged and projected through a projection lens, or arrangement of lenses. In this 
arrangement, the red light output deficiency of some early model white light sources is 
overcome by effectively doubling the display time of the red light component of the 

25 image. The color gamut of the resultant image is within the confines of the conventional 
RGB color gamut. 

U.S. Patent 6,280,034 ("the '034 patent"), the disclosure of which is incorporated 
herein by reference describes an imaging system including an illumination unit, which 
has a broadband non-polarized white light source, and a polarization converter system 
30 (PCS), which converts the non-polarized light into polarized light of substantially a 
single polarization axis. The system of the '034 patent further includes a selective 
polarization filter which, based on control signals, rotates the polarization axis of a 
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selected spectral band of the white light with respect to the remaining (i.e., 
complementary) spectral bands, producing two, complementary, orthogonal, polarized 
spectral components. The two spectral components are divided into separate light beams, 
using a polarized beam splitter (PBS), and each beam is separately modulated, using a 
5 spatial light modulator (SLM), to produce a desired image pattern. Using an additional 
PBS, the two image patterns are re-combined and projected onto a viewing screen. The 
selective polarization filter may include more than one region, e.g., a red filter region 
and a blue filter region, which may be used sequentially to produce a 
time-division-multiplexed color image. It should be noted that, in the configuration of 

10 the '034 patent, the intensity of the polarized light produced by the PCS does not recover 
the full intensity of the non-polarized light generated by the illumination unit; rather, 
only up to 30-60 percent of the lost light intensity may be recovered. Additionally, the 
selective polarization method of the '034 patent produces inherently complementary 
colored light beams, e.g., a red beam and a cyan beam, or a blue beam and a yellow 

15 beam. Consequently, the two separate light channels simultaneously modulated by the 
two SLMs of the '034 patent are co-dependent, in the sense that the colors of the two 
channels are inherently complementary. Therefore, although the arrangement of the' 034 
patent may improve image brightness, the inherent co-dependency of the two channels 
limits the color gamut that can be produced by the system to the confines of a 

20 conventional RGB color gamut. 

Summary Of The Invention 

Optical engine configurations in accordance with embodiments of the invention 
include two pixilation devices, such as SLM panels, used in conjunction with one or two 

25 color switching mechanisms, for example, two color wheels, each providing a different 
set of primary colors, for projecting more-than-three primary color images with 
improved illumination efficiency. The systems of the invention are conveniently 
adaptable to existing designs of RGB sequential projection systems, and provide 
more-lhan-three-primary color images with an over-all light throughput much higher 

30 than, e.g., twice, that of conventional, single panel, RGB projection systems. Two-panel 
configurations in accordance with embodiments of the invention enable the use of 
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substantially all polarized light typically rejected by the optical engines of existing 
display systems. 

Driving electronics for existing SLM devices, e.g., DMD™ or LCoS based 
devices, are typically configured to operate with a three- or four-segment color 
5 switching mechanism, for example, a three-segment RGB color wheel, or a 
four-segment color wheel including a "white" segment in addition to the RGB segments. 
Modifying existing three- or four-color wheels for use with more than three primary 
colors, in accordance with some embodiments of the invention, may not require a 
significant change in the driving electronics. In some embodiments of the invention, 

10 two color wheels, each having up to four color segments, are used simultaneously to 
reproduce a more-than-three primary color image, for example, a four- to seven-primary 
color image, e.g., a six-primary color image. The simultaneous use of two color wheels, 
each providing a different (or partially overlapping) set of primary colors, in accordance 
with embodiments of the invention, results in a duty cycle for each of the at least four 

15 primary colors (i.e., a fraction of the projection time assigned to each primary color) at 
least equal to the duty cycle of each primary color in existing, single color-wheel, RGB 
projection systems. By allocating to each primary color a display time comparable to 
the display time allocated to each primary in a conventional RGB system, a 
more-than-three primary display system of the invention avoids possible reduction in bit 

20 depth of the displayed image. 

In other embodiments of the invention, a single color svvdtching mechanism, e.g., 
a single color wheel having three primary color segments, is used in an optical engine 
configuration including two SLM panels, to produce images of more-than-three primary 
colors at high Ulumination efficiencies. In such embodiments, more than three, e.g., six, 

25 independent primary color image components may be reproduced using different 
combinations of the three primary colors produced by the color switching mechanism, 
and additional components of the system. 

In accordance with embodiments of one aspect of the invention, there is provided 
a color projection display device for displaying a temporally-integrated color image 

30 including first and second sequences of temporally-integrateable primary color image 
components, the device including a first SLM panel including a first array of pixel 
elements, a second SLM panel including a second array of pixel elements, first driving 
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circuitry which receives a first input signal representing the first sequence of 
temporally-integrateable primary color image components and selectively activates the 
first array of pixel elements to produce a first sequence of reflective patterns 
corresponding to the first sequence of temporally-integrateable primary color image 
5 components, each pattern in the first sequence of reflective patterns adapted to receive 
p-polarized incident light and to reflect corresponding s-polarized light, second driving 
circuitry which receives a second input signal representing the second sequence of 
temporally-integrateable primary color image components and selectively activates the 
second array of pixel elements to produce a second sequence of reflective patterns 

10 corresponding to the second sequence of temporally-integrateable primary color image 
components, each pattern in the second sequence of reflective patterns adapted to 
receive s-polarized incident light and to reflect corresponding p-polarized light, an 
iUumination unit which generates a non-polarized, substantially white, light beam, a first 
PBS which separates the non-polarized light beam into a substantially white p-polarized 

15 light beam and a substantially white s-polarized light beam, a first color switching 
mechanism which sequentially interposes each of a first set of primary color filter 
segments in the path of the substantially white p-polarized light beam to produce a 
sequence of p-polarized colored light beams whose colors correspond to the colors of the 
first sequence of temporally-integrateable primary color image components, a second 

20 PBS which transmits the sequence of p-polarized colored light beams onto the first SLM 
panel, receives a sequence of patterned s-polarized colored light beams reflected from 
the first SLM panel, each patterned s-polarized colored light beam carrying one primary 
color image component in the first sequence of temporally-integrateable primary color 
image components, and deflects the sequence of patterned s-polarized colored light 

25 beams, a second color switching mechanism which sequentially interposes each of a 
second set of primary color filter segments in the path of the substantially white 
s-polarized light beam to produce a sequence of s-polarized colored fight beams whose 
colors correspond to the colors of the second sequence of temporally-integrateable 
primary color image components, a third PBS which deflects the sequence of s-polarized 

30 colored light beams onto the second SLM panel, receives a sequence of patterned 
p-polarized colored light beams reflected from the second SLM panel, each patterned 
p-polarized colored light beam carrying one primary color image component in the 
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second sequence of temporally-integrateable primary color image components, and 
transmits the sequence of patterned p-polarized colored light beams, and a fourth PBS 
which transmits the sequence of patterned p-polarized colored light beams transmitted 
by the third PBS and deflects the sequence of patterned s-polarized colored light beams 
5 deflected by the second PBS, thereby to produce a combined output beam carrying both 
the first sequence and the second sequence of temporally-integrateable primary color 
image components. 

Further, in accordance with embodiments of this aspect of the invention, the 
device includes at least one projection lens which projects the combined output beam 

10 onto a viewing screen to reproduce the temporally-integrated color image. In 
embodiments of the invention, the first color switching mechanism includes a first color 
wheel which accommodates the first set of primary color filter segments, and means for 
rotating the first color wheel to sequentially dispose each of the first set of primary color 
filter segments in the path of the substantially white p-polarized light beam, and the 

15 second color switching mechanism includes a second color wheel which accommodates 
the second set of primary color filter segments, and means for rotating the second color 
wheel to sequentially dispose each of the second set of primary color filter segments in 
the path of the substantially white s-polarized light beam. In some embodiments of the 
invention, at least one of the first and second color wheels further accommodates a 

20 transparent segment which transmits substantially the entire light spectrum generated by 
the illumination unit. The device may further include a collimating lens, which 
collimates the non-polarized, substantially white, light beam. In some embodiments of 
the invention, at least one of the first and second sets of primary color filter segments 
includes three different color filter segments. In embodiments of the invention, each of 

25 the first and second SLM panels includes an LCoS panel and each of the first and second 
arrays of pixel elements includes an array of selectively activated LCoS pixel elements. 

In accordance with embodiments of a further aspect of the invention, there is 
provided a color projection display device for displaying a temporally-integrated color 
image including first and second sequences of temporally-integrateable primary color 

30 image components, the device including a first SLM panel including a first array of pixel 
elements, a second SLM panel including a second array of pixel elements, first driving 
circuitry which receives a first input signal representing the first sequence of 
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temporally-integrateable primary color image components and selectively activates the 
first array of pixel elements to produce a first sequence of reflective patterns 
corresponding to the first sequence of temporally-integrateable primary color image 
components, each pattern in the first sequence of reflective patterns adapted to reflect 
5 incident light, second driving circuitry which receives a second input signal representing 
the second sequence of temporally-integrateable primary color image components and 
selectively activates the second array of pixel elements to produce a second sequence of 
reflective patterns corresponding to the second sequence of temporally-integrateable 
primary color image components, each pattern in the second sequence of reflective 

10 patterns adapted to reflect incident light, an illumination unit which generates a 
non-polarized, substantially white, light beam, a first PBS which separates the 
non-polarized light beam into a substantially white p-polarized light beam and a 
substantially white s-polarized light beam, a first color switching mechanism which 
sequentially interposes each of a first set of primary color filter segments in the path of 

15 the substantially white p-polarized light beam to produce a sequence of p-polarized 
colored light beams whose colors correspond to the colors of the first sequence of 
temporally-integrateable primary color image components, a first TTR prism which 
transmits the sequence of p-polarized colored light beams onto the first SLM panel, 
receives a sequence of patterned p-polarized colored light beams reflected from the first 

20 SLM panel, each patterned p-polarized colored light beam carrying one primary color 
image component in the first sequence of temporally-integrateable primary color image 
components, and deflects the sequence of patterned p-polarized colored light beams, a 
second color switching mechanism which sequentially interposes each of a second set of 
primary color filter segments in the path of the substantially white s-polarized light beam 

25 to produce a sequence of s-polarized colored light beams whose colors correspond to the 
colors of the second sequence of temporally-integrateable primary color image 
components, a second TIR prism which deflects the sequence of s-polarized colored 
light beams onto the second SLM panel, receives a sequence of patterned s-polarized 
colored light beams reflected from the second SLM panel, each patterned s-polarized 

30 colored light beam carrying one primary color image component in the second sequence 
of temporally-integrateable primary color image components, and transmits the sequence 
of patterned s-polarized colored light beams, and a second PBS which transmits the 



WO 03/007074 



PCT/IL02/00558 



sequence of patterned p-polarized colored light beams deflected by the first TIR prism 
and deflects the sequence of patterned s-polarized colored light beams transmitted by the 
second TIR prism, thereby to produce a combined output beam carrying both the first 
sequence and the second sequence of temporally-integrateable primary color image 
5 components. 

Further, in accordance with embodiments of this aspect of the invention, the 
device includes at least one projection lens which projects the combined output beam 
onto a viewing screen to reproduce the temporally-integrated color image. In 
embodiments of the invention, the first color switching mechanism includes a first color 

10 wheel which accommodates the first set of primary color filter segments and means for 
rotating the first color wheel to sequentially dispose each of the first set of primary color 
filter segments in the path of the substantially white p-polarized light beam, and the 
second color switching mechanism includes a second color wheel which accommodates 
the second set of primary color filter segments and means for rotating the second color 

15 wheel to sequentially dispose each of the second set of primary color filter segments in 
the path of the substantially white s-polarized light beam. In some embodiments, at least 
one of the first and second color wheels further accommodates a transparent segment 
which transmits substantially the entire light spectrum generated by the illumination 
unit. The device may further include a collimating lens, which collimates the 

20 non-polarized, substantially white, light beam. In some embodiments, at least one of the 
first and second sets of primary color filter segments includes three different color filter 
segments. In embodiment of the invention, each of the first and second SLM panels 
includes a DMD™ panel and each of the first and second arrays of pixel elements 
includes an array of selectively activated rmcro-mirror pixel elements. 

25 In accordance with embodiments of an additional aspect of the invention, there is 

provided a color projection display system for displaying a temporally-integrated color 
image including first and second sequences of temporally-integrateable primary color 
image components, the system including a color projection display device as described 
above, a data converter which converts an input signal representing three-primary-color 

30 image pixel data into a converted data signal representing the temporally-integrated 
color image, a data splitter which separates the converted data signal into the first and 
second input signals representing the first and second sequences of 
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temporally-integrateable primary color image components, respectively, and first and 
second color-switching control units which control the rates at which the first and 
second color switching mechanisms, respectively, sequentially interpose the first and 
second sets of primary color filter segments, respectively. 
5 In some embodiments of this aspect of the invention, the system further includes 

means for synchronizing between the first and second color-switching control units and 
the first and second driving circuitry, respectively, thereby to adapt the rate at which the 
first and second color-switching mechanisms sequentially interpose the first and second 
sets of primary color filter segments, respectively, to the rates at which the first and 

10 second driving circuitry produce the first and second sequences of reflective patterns, 
respectively. In some embodiments of the invention, the three-primary-color image pixel 
data includes image pixel data in a format selected from the group consisting of RGB, 
YCbCr and CMYK. In embodiments of the invention, the temporally integrated color 
image may include at least four, at least five, or at least six temporally-integrateable 

1 5 primary color image components. 

In accordance with embodiments of yet another aspect of the invention, there is 
provided a color projection display device for displaying a temporally-integrated color 
image including first and second sequences of temporally-integrateable primary color 
image components, the device including a first SLM panel including a first array of pixel 

20 elements, a second SLM panel including a second array of pixel elements, first driving 
circuitry which receives a first input signal representing the first sequence of 
temporally-integrateable primary color image components and selectively activates the 
first array of pixel elements to produce a first sequence of reflective patterns 
corresponding to the first sequence of temporally-integrateable primary color image 

25 components, second driving circuitry which receives a second input signal representing 
the second sequence of temporally-integrateable primary color image components and 
selectively activates the second array of pixel elements to produce a second sequence of 
reflective patterns corresponding to the second sequence of temporally-integrateable 
primary color image components, an illumination unit which generates a substantially 

30 white light beam, a color switching mechanism which sequentially interposes each of at 
least three different color filter segments in the path of the substantially white light 
beam, each color filter segment having a different wavelength transmission spectrum, to 
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produce a sequence of at least three, respective, color filtered light beams, and a 
beam-splitting prism which separates each color filtered light beam in the sequence of at 
least three color filtered light beams into a first sub-spectrum beam whose color 
corresponds to the color of one of the primary color image components in the first 
5 sequence of temporally-integrateable primary color image components and a second 
sub-spectrum beam whose color corresponds to the color of one of the primary color 
image components in the second sequence of temporally-integrateable primary color 
image components, directs each the first sub-spectrum beam onto the first SLM panel, 
directs each the second sub-spectrum beam onto the second SLM panel, receives a first 

10 sequence of patterned colored light beams reflected from the first SLM panel, each 
patterned colored light beam in the first sequence of patterned colored light beams 
carrying one primary color image component in the first sequence of 
temporally-integrateable primary color image components, receives a second sequence 
of patterned colored light beams reflected from the second SLM panel, each patterned 

15 colored light beam in the second sequence of patterned colored light beams carrying one 
primary color image component in the second sequence of temporally-integrateable 
primary color image components, and directs both the first sequence and the second 
sequence of patterned colored light beams in an output direction, thereby to produce a 
combined output beam carrying both the first sequence and the second sequence of 

20 temporally-integrateable primary color image components. 

Further, in some embodiments of mis aspect of the invention, the device includes 
at least one projection lens which projects the combined output beam onto a viewing 
screen to reproduce the temporally-integrated color image. In embodiments of the 
invention, the color switching mechanism includes a color wheel which accommodates 

25 the at least three color filter segments and means for rotating the color wheel to 
sequentially dispose each of the at least three color filter segments in the path of the 
substantially white light beam. In some embodiments, the device may further include a 
collimating lens, which collimates the sequence of color filtered light beams. In some 
embodiments of the invention, the first and second sub-spectrum beams include beams 

30 of at least four, at least five, or at least six different primary colors. In embodiments of 
the invention, each of the first and second SLM panels includes a DMD™ panel, and 
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each of the first and second arrays of pixel elements includes an array of selectively 
activated micro-mirror pixel elements. 

In accordance with embodiments of a still further aspect of the invention, there is 
provided a color projection display system for displaying a temporally-integrated color 
5 image including first and second sequences of temporally-integrateable primary color 
image components, the system including a color projection display device as described 
above, a data converter which converts an input signal representing three-primary-color 
image pixel data into a converted data signal representing the temporally-integrated 
color image, a data splitter which separates the converted data signal into the first and 

10 second input signals representing the first and second sequences of 
temporally-integrateable primary color image components, respectively, and a 
color-switching control unit which controls the rate at which the color-switching 
mechanism sequentially interposes the at least three color filter segments. 

Further, in some embodiments of this aspect of the invention, the system includes 

15 means for synchronizing between the color-switching control unit and the first and 
second driving circuitry, thereby to adapt the rate at which the color-switching 
mechanism sequentially interposes the at least three different color filter segments, 
respectively, to the rate at which the first and second driving circuitry produce the first 
and second sequences of reflective patterns. In embodiments of the invention, the 

20 three-primary-color image pixel data includes image pixel data in a format selected from 
the group consisting of RGB, YCbCr and CMYK. 

Brief Description Of The Drawings 

The invention will be understood and appreciated more fully from the following 
25 detailed description of exemplary embodiments of the invention, taken in conjunction 
with the accompanying drawings, in which: 

Fig. 1 is a schematic, cross-sectional, top-view illustration of an optical engine 
configuration of a typical prior art reflective LCoS color projection display system, 
using a single SLM panel; 
30 Fig. 2 is a schematic, cross-sectional, top-view illustration of an optical engine 

configuration of a color projection display system, using two reflective LCoS SLM 
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panels and two color-switching mechanisms, in accordance with exemplary 
embodiments of the invention; 

Fig. 3 is a schematic, cross-sectional, top-view illustration of an optical engine 
configuration of a color projection display system, using two DMD™ SLM panels and 
5 two color-switching mechanisms, in accordance with exemplary embodiments of the 
invention; 

Fig. 4A is a schematic, cross-sectional, top-view illustration of an optical engine 
configuration of a color projection display system, using two DMD™ SLM panels and a 
single color-switching mechanism, in accordance with exemplary embodiments of the 
10 invention; 

Fig. 4B is a schematic, side view, illustration of a color wheel which may be used 
by the color-switching mechanism of Fig. 4A; 

Fig. 5A is a schematic illustration of wavelength transmission curves of a 
color-splitting element used by the optical engine of Fig. 4A and three filter segments of 
15 the color wheel of Fig. 4B, in accordance with an exemplary embodiment of the 
invention; 

Fig. 5B is a schematic illustration of curves representing primary color spectra 
resulting from combinations of the wavelength transmission curves of Fig. 5A, in 
accordance with an exemplary embodiment of the invention; 
20 Fig. 6 is schematic, block diagram, illustration of the flow of data in a color 

projection display system, in accordance with exemplary embodiments of the invention, 
using an optical engine configuration with two SLM panels, for example, any of the 
configurations of Figs. 2, 3 and 4A; 

Figs. 7A and 7B are schematic, side view, illustrations of two exemplary color 
25 wheel designs for the two color switching mechanisms, respectively, of the optical 
engine configurations of Figs. 2 and 3 ; 

Fig. 8A is a schematic illustration of curves representing exemplary wavelength 
ranges for filter segments of the color wheels of Figs. 7A and 7B; and 

Fig. 8B is a schematic illustration of a chromaticity diagram showing the color 
3 0 gamut coverage resulting from the exemplary wavelength ranges of Fig. 8 A. 
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Detailed Description Of Embodiments Of The Invention 

In the following description, various aspects of the present invention will be 
described. For purposes of explanation, specific configurations and details are set forth in 
order to provide a thorough understanding of the present invention. However, it will be 
apparent to one skilled in the art that the present invention may be practiced without the 
specific details presented herein. Furthermore, well known features may be omitted or 
simplified to avoid obscuring the present invention. 

Reference is now made to Fig. 2, which schematically illustrates a 
cross-sectional top view of an optical engine configuration for a 
more-man-three-primaries color projection display system, using two LCoS SLM 
panels, in accordance with an embodiment of the invention. In this embodiment, 
non-polarized light from an illumination unit 201, which may include at least one white 
light source, for example, the UHP™lamp available from Philips Lighting, a cold filter, 
and a homogenizing component, as are known in the art, is collimated by a relay lens 
202, which may include any type of relay lens known in the, onto a first Polarizing 
Beam-Splitter (PBS) 205. PBS 205, which may include any suitable type of PBS 
component known in the art, separates the non-polarized light into two polarization 
components, namely, a p-polarization component and an s-polarization component. In 
alternate embodiments of the invention, other suitable components and/or other suitable 
arrangements of components may be used. For example, pixilation devices other than 
SLMs may be used. 

The p-polarized light component is transmitted through one of a plurality of filter 
segments of a first color switching mechanism 213, which may include a first color 
wheel 203, as described in detail below with reference to Fig. 7A. The filtered light 
passes through a second PBS 206, and then selectively reflected from the surface of a 
first LCoS panel 209, which includes an array of pixel elements modulated by driving 
circuitry, as described below with reference to Fig. 6. The reflection angle is normal to 
the surface of first LCoS panel 209. Each pixel element of first LCoS panel 209, when 
activated to an "on" state, rotates the polarization of the p-polarized into s-polarization, 
thereby reflecting a pattern of s-polarized, colored, light. The patterned s-polarized light, 
on its return path from first LCoS panel 209, is deflected by second PBS 206, e.g., at an 
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angle of approximately ninety degrees, towards a third PBS 208, which deflects the 
patterned colored light onto a projection lens 21 1, or arrangement of lenses, thereby to 
project the colored partem onto a viewing screen, as is known in the art. 

As further shown in Fig. 2, the s-polarized component of the light emanating 
5 from Ulumination unit 201 is deflected by first PBS 205 and transmitted through one of 
the filter segments of a second color switching mechanism 214, which may include a 
second color wheel 204, as described in detail below with reference to Fig. 7B. The 
color filtered light from color-wheel 304 is deflected by a fourth PBS 207, and then 
selectively reflected from the surface of a second LCoS panel 210, which includes an 

10 array of pixel elements modulated by driving circuitry, as described below with 
reference to Fig. 6. The reflection angle is normal to the surface of LCoS panel 210, 
which converts the s-polarized light into selectively patterned, p-polarized, colored light. 
On its return path from LCoS panel 210, the p-polarized patterned light passes through 
fourth PBS 207 and third PBS 208, and projected by projection lens 211 onto the 

15 viewing screen. 

Figs. 7A and 7B schematically illustrate side views of color wheels 203 and 204, 
respectively, of Fig. 2, or color wheels 303 and 304, respectively, of Fig. 3, described 
below, according to an exemplary embodiment of the invention. As explained above, 
color wheel 203 may include a first set of primary color filter segments, denoted PI, P2 

20 and P3, for example, red, green and blue (collectively: "RGB") filter segments, and 
color wheel 204 may include a second set of color filter segments, denoted P4, P5 and 
P6, for example, cyan, magenta and yellow (collectively: "CMY") filter segments. 
Additionally, in some embodiments, either or both color wheels 203 and 204 may 
include a neutral, transparent, filter segment, denoted "W" in Figs. 7A and 7B, which 

25 may increase the over-all brightness of the image, as is known in the art. It will be 
appreciated by persons skilled in the art that the two color-wheel configuration, in 
accordance with embodiments of the invention, enables the use of existing color-wheel 
designs, with appropriate changes in the color filter segments, obviating the need to 
design new color switching mechanisms. Further, because each of LCoS panels, 209 and 

30 210, may in some embodiments control only up to three or four color components, the 
driving electronics for driving LCoS panels 209 and 210, as described below, may be 
based on existing designs of driving electronics for sequential RGB displays using a 
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single color wheel. These accommodations may simplify the implementation of the 
present invention on existing display devices, to provide a more-than-three primary, 
dual-sequential, projection display system. In other embodiments, different color filter 
configuration may be used, for example, more than three different primary colors may 
5 be used on either or both color wheels 203 and 204, or the primary colors used by the 
two color wheels may partially or completely overlap, in accordance with specific 
design considerations. 

Fig. 8A schematically illustrates curves representing exemplary wavelength 
transmission ranges 810, 820, 830, 840, 850 and 860, of the color filter segments PI, P2, 

10 P4, P5 and P6 of color wheels 203 and 204 (or 303 and 304) of Figs. 7 A and 7B. A 
chromaticity diagram showing the color gamut coverage resulting from the exemplary 
wavelength ranges of Fig. 8 A is illustrated schematically in Fig. 8B. The exemplary 
filter selection of Fig. 8A includes two, slightly different, red filter segments, 810 and 
820, a yellow filter segment, 830, a green filter segment 840, a cyan filter segment 850, 

15 and a blue filter segment 860. The use of two similar red filters may be advantageous 
because it enables the display system to reproduce images with sufficiendy bright and 
saturated red colors and sufficiently saturated magenta colors. It should be appreciated 
by persons skilled in the art that, in the above configuration, both polarization 
components of the imaging light are efficiendy used to produce the projected image, 

20 yielding a light output and, consequendy, an image brightness, approximately twice that 
of a conventional, single panel, optical engine configuration. Further, standard three- or 
four-color wheel designs and driving electronics may be used as components for the 
color switching mechanisms of the more-than-three primary color displays in accordance 
with embodiments of the invention, as explained above. In addition, the specific spectra 

25 transmitted by the different color filter segments on each of color wheels 203 and 204 
may be selected to obtain an optimal balance of intensity for the different primary 
colors, so that the combined light intensities transmitted through corresponding primary 
color segments of the two color wheels may be comparable. This may be helpful, for 
example, in reducing undesired visual effects, such as "flicker", as are known in the art. 

30 The spectrums for the specific color wheel filter-segments used may also be adjusted to 
provide optimal contrast of the two polarization components (i.e., "p" and "s"), 
according to the PBS specifications. This is because the polarization properties of the 
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PBS component may be wavelength-dependent. For example, the use of narrower 
wavelength ranges may improve the separation between the "p" and "s" polarization 
components and, thus, enhance the image contrast. 

In some embodiments, the use of two color wheels, as described above, enables 
5 construction of an optical engine with up to six primary colors, each color wheel 
providing three primary colors, using existing designs of three-color driving electronics 
for LCoS panels 209 and 210. In some embodiments of the invention, the system may be 
operated in a RGBW mode, wherein two identical RGBW color-wheels, e.g., two RGB 
color-wheels, each having a neutral (i.e., My transparent) filter segment, as shown in 

10 Fig. 7A, are used to produce a brightness three-primary color image with white light 
augmentation. Other suitable combinations of two color wheels, each having three or 
four filter segments, may be used to produce color images having desired qualities, in 
accordance with specific implementations of the invention. Whether color wheels 203 
and 204 are identical or have different (or partially or completely overlapping) sets of 

15 primary colors, in some embodiments of the invention the color wheels, and the 
corresponding LCoS panels or other devices which create the pixilated light patterns, 
need not be precisely synchronized. This is because, typically, the light of sequential 
primary color frames is temporally combined by the human vision system, whereby the 
viewed image is affected by the average intensities and Uluniination times of the 

20 different primary colors and not by the exact t imin g of the different frames. Thus, in 
some embodiments, the filter segments of the two color wheels may have different sizes, 
i.e., the illumination time for each primary color may be different in each wheel. It 
should be noted that the temporal light modulation of the two-wheel embodiment 
described above may be twice as fast as that of a corresponding single panel 

25 configuration, improving the "flicker" response of the display. Additionally, in 
embodiments of the invention, the arrangement of filter-segments on each of the two 
color wheels and the relative temporal phase set between the two wheels may be 
adjusted to further minimize "flicker" effects; for example, the temporal sequence of 
light modulation for white frames may be such that the first harmonic of a time varying 

30 brightness signal is minimized. 

Of course, in other embodiments, other primaries may be used, and each color 
wheel may include more than four or less than three color segments. 
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According to additional embodiments of the invention, DMD™ panels, as are 
known in the art, may be used instead of the LCoS panels described above. It is 
appreciated that DMD™ panel configurations do not have the polarization loss problems 
associated with LCoS panels. Therefore, in embodiments of the invention, 
5 configurations based on two DMD™ panels may be used primarily to enable 
reproduction of more-than-three primary color images using standard, e.g., three- or 
four-color wheels, and conventional driving electronics, as described above. Fig. 3 
schematically illustrates a cross-sectional top view of an optical configuration for a 
more-than-three primary color projection system in accordance with embodiments of the 

10 invention, using two DMD™ panels and two color wheels. Other than the use of 
DMD™ panels, the configuration of Fig. 3 is generally similar to the configuration 
described above with reference to Fig. 2; however, the configuration of Fig. 3 is adapted 
to accommodate the specific properties of DMD™ panels. First, the configuration of 
Fig. 3 takes into account the fact that, with DMD™ panels, there is no loss of light 

15 intensity due to polarization conversion, as in the LCoS panels described above. Second, 
the geometry of the configuration of Fig. 3 is adapted to accommodate off-normal 
reflection angles from the DMD™ panels. Accordingly, as shown in Fig. 3, first and 
second Total Internal Reflection (TIR) prisms, 306 and 307, respectively, may be used 
instead of second PBS 206 and fourth PBS 207 of the embodiment of Fig. 2. 

20 Light from an iUumination source 301 is collimated by a lens 302, or by a 

reflector placed behind the Uluniination source, and a first PBS 305 splits the collimated 
light into "s" and "p" polarization components. The p-polarized light is filtered by one of 
the filter-segments of a first color wheel 303 (also shown in Fig. 7A) and passes through 
first TIR prism 306 to iUuminate a first DMD™ 309, which includes an array of 

25 selectively activated micro-mirrors, as is known in the art. Each activated micro-mirror, 
i.e., each rmcro-mirror in an "on" position, reflects the impinging light at an off-normal 
angle, for example, +10 degrees off normal. The selectively reflected (i.e., patterned) 
light, which carries a primary color image component, is deflected by the total reflection 
surface of first TIR prism 306 and thus directed towards a second PBS 308, which 

30 combines the p-polarized image component with a simultaneously produced s-polarized 
image component, as described below. 
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The s-polarized light component is filtered through one of the filter-segments of 
a second color wheel 304 (also shown in Fig. 7B), and deflected by the total reflection 
surface of the second TIR prism 307 towards a second DMD™ 310, which includes an 
array of selectively activated micro-mirrors, as is known in the art. Each activated 
micro-mirror reflects the impinging light at an off-normal angle, for example, +10 
degrees off normal, back towards TIR prism 307. The selectively reflected (i.e., 
patterned) light, which carries a primary color image component, passes through TIR 
prism 307, and is combined with the p-polarized primary color image component at 
second PBS 308. A projection lens 311, or arrangement of lenses, focuses the combined 
s- and p-polarized primary color image components onto a viewing screen (not shown) 
of the display system, as is known in the art. It will be appreciated by persons skilled in 
the art that other features of the embodiment of Fig. 3, not specifically described herein, 
are substantially analogous to similar features of the embodiment of Fig. 2 above. 

According to further embodiments of the invention, an optical engine using two 
DMD™ panels is used in conjunction with a single color switching mechanism, e.g., a 
single color wheel, to sequentially reproduce more than three different primary color 
image components. The basic geometry of an optical engine according to embodiments 
of this aspect of the invention, a cross-sectional top view of which is illustrated 
schematically in Figs. 4A, is generally similar to a three-primary color optical engine 
described in Edward H. Stupp, Mathew S. Brennesholtz, "Projection Displays", John 
Wiley and Sons, 1999, the disclosure of which is incorporated herein by reference. 
However, in contrast to this prior art optical engine, the optical engine of Fig. 4A uses a 
three-filter color switching mechanism, including a three-segment color wheel, as 
described in detail below, to produce more than three, e.g., six, primary colors. 
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Fig. 4B schematically illustrates a side view of a three-segment color wheel 402 
used by the optical engine of Fig. 4A. Fig. 5A schematically illustrates exemplary 
selection of a transmission curve 510 for a color-splitting prism 404 used by the optical 
engine of Fig. 4A, and wavelength ranges 520, 530 and 540 for filter segments F2, F3 
5 and F4 of color wheel 402. Fig. 5B schematically illustrates six, exemplary, primary 
color spectra resulting from combinations of the wavelength ranges and transmission 
curve of Fig. 5 A, in accordance with an exemplary embodiment of the invention. 

Referring to Figs. 4A, 4B, 5A and 5B, white light from illumination unit 401 
passes through one of the three segments, F2, F3 or F4, of 3-segment color wheel 402 of 

10 a color switching mechanism 412, producing filtered light in one of the wavelength 
ranges, 520, 530 or 540, respectively, in Fig. 5A. When color wheel 402 is in the F2 
segment position, color-splitting prism 404 directs part of the filtered light spectrum, 
e.g., spectrum 521 in Fig. 5B, to a first DMD™ panel 405, and another part of the 
filtered light spectrum, e.g., spectrum 522 in Fig. 5B, to a second DMD™ panel 406. 

15 When color wheel 402 is in the F3 segment position, color-splitting prism 404 directs 
part of the filtered light spectrum, e.g., spectrum 531 in Fig. 5B, to first DMD™ panel 
405, and another part of the filtered light spectrum, e.g., spectrum 532 in Fig. 5B, to 
second DMD™ panel 406. When color wheel 402 is in the F4 segment position, 
color-splitting prism 404 directs part of the filtered light spectrum, e.g., spectrum 541 is 

20 5B 5 to first DMD™ panel 405, and another part of the filtered light spectrum, e.g., 
spectrum 542 in Fig. 5B, to second DMD™ panel 406. A projection lens 407, or 
arrangement of lenses, projects all the reflected illumination, from both DMD™ panel 
405 and DMD™ panel 406, onto a viewing screen (not shown) of the display system. It 
will be appreciated by persons skilled in the art that the combination of 

25 three-primary-color wheel 402 and color-sphtting prism 404 allows substantially 
independent reproduction of six different primary color image components. As 
explained above, Fig. 5A schematically illustrates exemplary selection of wavelength 
ranges for the color filter segments of color wheel 402 and a transmission curve for 
prism 404. Transmission curve 510 is an exemplary transmission curve for 

30 color-splitting prism 404, wherein wavelength ranges not transmitted by color-splitting 
prism 404 are reflected by prism 404. Thus, prism 404 splits wavelength ranges 520, 530 
and 540, of the three filter segments of color wheel 402, as shown schematically in Fig. 
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5B. In the example provided herein, for segment F2 (range 520 in Fig. 5A), panels 405 
and 406 reproduce blue and red image components (521 and 522 in Fig. 5B), 
respectively. For segment F3 (range 530 in Fig. 5A), panels 405 and 406 reproduce 
yellow and cyan image components (531 and 532 in Fig. 5B), respectively. For segment 
5 F4 (range 540 in Fig. 5A), panels 405 and 406 reproduce green and cyan image 
components (541 and 542 in Fig. 5B), respectively. It should be noted that the 
transmission spectra of Figs. 5A and 5B are given for illustration only, and many other 
transmission spectra selections are also within the scope of the invention. In 
embodiments of the invention, the transmission spectra of prism 404 and the filter 

10 segments of color wheel 402 may be selected to optimize the color gamut width and 
color-balance of the images reproduced by the display system and/or to maximize the 
over-all brightness of the images. 

It will be appreciated by persons skilled in the art that other features of the 
embodiment of Fig. 4A, not specifically described herein, are substantially analogous to 

15 similar features of the embodiments of Figs. 2 and 3 above. 

Fig. 6 is a schematic block diagram illustrating the flow of data in a color 
projection display system using an optical engine configuration with two SLM panels, 
according to embodiments of the invention. The system of Fig. 6 can be implemented in 
conjunction with any of the optical engine configurations described above, for example, 

20 the configurations of Figs. 2, 3 and 4A. As shown in Fig. 6, input data to the display 
system may include any known data format, for example, RGB format data, YCbCr 
format data, representing image data for display monitor applications, or CMYK format 
data representing image data for printing applications. In embodiments of the invention, 
an n-primary converter 601 converts the input data into n-primaries format, wherein n is 

25 typically greater than three, for example, six-primary image data, as described in detail 
in US Patent application 10/017,546 and in International Application PCT/IL0 1/0 1179, 
both filed on December 18, 2001, and both entitled "Spectrally Matched Digital Print 
Proofer", the disclosures of both of which are incorporated herein by reference in their 
entirety. Alternatively, the input data may be of any other format known in the art, 

30 including analog data formats. Data processing by n-primaries converter 601 may be 
performed as described in U.S. Patent Application No. 09/710,895, filed on November 
14, 2000, entitled "Device, System And Method For Electronic True Color Display", in 
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International Application PCT/JLO 1/00527, entitled "Device, System And Method For 
Electronic True Color Display", filed on June 7, 2001, and published as WO 01/95544 
on December 13, 2001, and in International Application PCT/IL02/00410, entitled 
"System and Method of Data Conversion For Wide Gamut Displays", filed May 23, 
5 2002, the disclosures of all of which are incorporated herein by reference in their 
entirety. Other data processing methods may be used, and displays according to 
embodiments of the present invention may use other numbers of primary colors, for 
example, 3 primary colors. 

For systems using optical engines with two SLM-panels and two color-wheels, as 

10 in the embodiments of Figs. 2 and 3, a data-splitter 602 separates the n-primaries data 
into two data components, for example, two three-primary image components. A first 
data component is represented by an input signal provided to a first SLM driver 603, and 
a second data component is represented by an input signal provided to a second SLM 
driver 605. Drivers 603 and 605 include circuitry, as is known in the art, to modulate the 

15 activation of pixel elements of first and second SLM panels 604 and 606, respectively. 
SLM drivers 603 and 605 may receive synchronization inputs, which may be used to 
time the activation of SLM panel 604 and SLM panel 606, respectively, in accordance 
with a predetermined rate, for example, based on the timing of frames in the input data. 
As explained above, with reference to Figs. 2 and 3, precise synchronization between 

20 SLM drivers 603 and 605 may not be required because the independent image 
components reproduced by SLM panels 604 and 606 are temporally integrated by the 
vision system of the viewer. 

The system of Fig. 6 further includes first and second color-switching control 
units, 608 and 610, respectively, which control the color-switching rate of the two 

25 color-switching mechanisms described above with reference to Figs. 2 and 3. In 
embodiments of the invention, control units 608 and 610 control the operation of motors 
of the color-switching mechanisms, each motor rotating a respective color wheel, as 
described above with reference to Figs. 2 and 3. Control units 608 and 610 may receive 
synchronization signals from SLM drivers 603 and 605, respectively, ensuring that the 

30 color-switching rates of the respective color-switching mechanisms match the rates at 
which image components are reproduced by the respective SLM panels 604 and 606. 
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In alternate embodiments of the invention, the system of Fig. 6 may be 
implemented in conjunction with an optical engine configuration using only one 
color-switching mechanism, for example, the optical engine configuration described 
above with reference to Figs. 4A and 4B. In such alternate embodiments, instead of 
5 control units 608 and 610, a single color-switching control unit may be used to control 
the operation of a motor rotating a color wheel of the color-switching mechanism. 

It will be appreciated by persons skilled in the art that the projection display 
system of Fig. 6 is not limited by the exemplary components and configurations 
described herein. In embodiments of the invention, the functionality of the components 

10 of Fig. 6 may be performed by any suitable combination of hardware and/or software, as 
is known in the art. For example, in some embodiments, converter 601 and data-splitter 
602 may be integrated into a single unit. Any other design modifications, in accordance 
with specific applications of the system, are also within the scope of the invention. 

Embodiments of the present invention provide data to a monitor, which typically 

15 uses more than three primary colors. For example, International Application 
PC17IL01/01179, the disclosure of which is incorporated herein by reference, describes 
embodiments of a device, system and a method for soft proofing of an image before it is 
printed onto printed material. Such embodiments can typically display a wider gamut of 
colors and data corresponding to such wide gamut colors, and/or typically use more than 

20 three primaries. Such embodiments can also typically display any color displayed by 
conventional displays (e.g., displays using conventional RGB data and conventional 
RGB primaries), as well as additional colors that can be reproduced only by system 
using more than three primary colors. Data may need to be converted from conventional 
data (e.g., RGB data) to a suitable format before being displayed by such a monitor; 

25 alternately, such a monitor may perform such conversions. 

A display system used with one embodiment of the invention may have an 
expanded range of colors, due to the use of more than three primaries. A monitor with 
more than three primaries can be constructed to reproduce improved color images. 
Embodiments of monitors based on more than three primaries are disclosed in 

30 international Application PCT/IL0 1/00527, entitled "Device, System and Method For 
Electronic True Color Display", filed June 7, 2001, and published December 13, 2001 as 
WO 01/95544, assigned to the assignee of the present application, the entire disclosure 
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of which is incorporated herein by reference, and International Application 
PCT/ILO 1/01 179, entitled "Spectrally Matched Print Proofer," filed June 7, 2001, 
assigned to the assignee of the present application, the entire disclosure of which is 
incorporated herein by reference. While the methods and systems disclosed in these 
5 patent applications may be used in or with embodiments of the present invention, the 
system and method of the present invention may also be embodied in conjunction with 
other n-primary color display technology, wherein n is greater than or equal to three, or 
with other display technology. 

It will be appreciated by persons skilled in the art that the present invention is not 
10 limited to what has been particularly shown and described hereinabove. Rather the scope 
of the present invention is defined only by the claims which follow: 
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CLAIMS 

1. A color projection display device for displaying a temporally-integrated 
color image comprising first and second sequences of temporally-integrateable 
primary color image components, the device comprising: 

a first SLM panel comprising a first array of pixel elements; 

a second SLM panel comprising a second array of pixel elements; 

first driving circuitry which receives a first input signal representing said 
first sequence of temporally-integrateable primary color image components and 
selectively activates said first array of pixel elements to produce a first sequence 
of reflective patterns corresponding to said first sequence of 
temporally-integrateable primary color image components, each pattern in said 
first sequence of reflective patterns adapted to receive p-polarized incident light 
and to reflect corresponding s-polarized light; 

second driving circuitry which receives a second input signal representing 
said second sequence of temporally-integrateable primary color image 
components and selectively activates said second array of pixel elements to 
produce a second sequence of reflective patterns corresponding to said second 
sequence of temporally-integrateable primary color image components, each 
pattern in said second sequence of reflective patterns adapted to receive 
s-polarized incident light and to reflect corresponding p-polarized light; 

an illumination unit which generates a non-polarized, substantially white, 
light beam; 

a first PBS which separates the non-polarized light beam into a 
substantially white p-polarized light beam and a substantially white s-polarized 
light beam; 

a first color switching mechanism which sequentially interposes each of a 
first set of primary color filter segments in the path of said substantially white 
p-polarized light beam to produce a sequence of p-polarized colored light beams 
whose colors correspond to the colors of said first sequence of 
temporally-integrateable primary color image components; 



25 



WO 03/007074 



PCT/IL02/00558 



a second PBS which transmits said sequence of p-polarized colored light 
beams onto said first SLM panel, receives a sequence of patterned s-polarized 
colored light beams reflected from said first SLM panel, each patterned 
s-polarized colored light beam carrying one primary color image component in 
5 said first sequence of temporally-integrateable primary color image components, 

and deflects said sequence of patterned s-polarized colored light beams; 

a second color switching mechanism which sequentially interposes each 
of a second set of primary color filter segments in the path of said substantially 
white s-polarized light beam to produce a sequence of s-polarized colored light 
10 beams whose colors correspond to the colors of said second sequence of 

temporally-integrateable primary color image components; 

a third PBS which deflects said sequence of s-polarized colored light 
beams onto said second SLM panel, receives a sequence of patterned p-polarized 
colored light beams reflected from said second SLM panel, each patterned 
1 5 p-polarized colored light beam carrying one primary color image component in 

said second sequence of temporally-integrateable primary color image 
components, and transmits said sequence of patterned p-polarized colored light 
beams; and 

a fourth PBS which transmits the sequence of patterned p-polarized 
20 colored light beams transmitted by said third PBS and deflects the sequence of 

patterned s-polarized colored light beams deflected by said second PBS, thereby 
to produce a combined output beam carrying both said first sequence and said 
second sequence of temporally-integrateable primary color image components. 

25 2. A device according to claim 1 further comprising at least one 

projection lens which projects said combined output beam onto a viewing screen 
to reproduce said temporally-integrated color image. 

3. A device according to claim 1 or claim 2, wherein said first color 
30 switching mechanism comprises a first color wheel, which accommodates said 

first set of primary color filter segments, and means for rotating said first color 
wheel to sequentially dispose each of said first set of primary color filter 
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i in the path of said substantially white p-polarized light beam, and 
wherein said second color switching mechanism comprises a second color wheel, 
which accommodates said second set of primary color filter segments, and means 
for rotating said second color wheel to sequentially dispose each of said second 
set of primary color filter segments in the path of said substantially white 
s-polarized light beam. 

4. A device according to claim 3 wherein at least one of said first 
and second color wheels further accommodates a transparent segment which 
transmits substantially the entire light spectrum generated by said illumination 
unit. 

5. A device according to any of claims 1-4 further comprising a 
collimating lens, which collimates said non-polarized, substantially white, light 



6. A device according to any of claims 1-5 wherein at least one of 
said first and second sets of primary color filter segments comprises three 
different color filter segments. 

7. A device according to any of claims 1-6 wherein each of said first 
and second SLM panels comprises an LCoS panel and wherein each of said first 
and second arrays of pixel elements comprises an array of selectively activated 
LCoS pixel e 



8. A color projection display device for displaying a 
temporally-integrated color image comprising first and second sequences of 
temporally-integrateable primary color image components, the device 
comprising: 

a first SLM panel comprising a first array of pixel elements; 

a second SLM panel comprising a second array of pixel elements; 
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first driving circuitry which receives a first input signal representing said 
first sequence of temporally-integrateable primary color image components and 
selectively activates said first array of pixel elements to produce a first sequence 
of reflective patterns corresponding to said first sequence of 
5 temporally-integrateable primary color image components, each pattern in said 

first sequence of reflective patterns adapted to reflect incident light; 

second driving circuitry which receives a second input signal representing 
said second sequence of temporally-integrateable primary color image 
components and selectively activates said second array of pixel elements to 
10 produce a second sequence of reflective patterns corresponding to said second 

sequence of temporally-integrateable primary color image components, each 
pattern in said second sequence of reflective patterns adapted to reflect incident 
light; 

an illumination unit which generates a non-polarized, substantially white, 
15 light beam; 

a first PBS which separates the non-polarized light, beam into a 
substantially white p-polarized light beam and a substantially white s-polarized 
light beam; 

a first color switching mechanism which sequentially interposes each of a 
20 first set of primary color filter segments in the path of said substantially white 

p-polarized light beam to produce a sequence of p-polarized colored light beams 
whose colors correspond to the colors of said first sequence of 
temporally-integrateable primary color image components; 

a first TIR prism which transmits said sequence of p-polarized colored 
25 light beams onto said first SLM panel, receives a sequence of patterned 

p-polarized colored light beams reflected from said first SLM panel, each 
patterned p-polarized colored light beam carrying one primary color image 
component in said first sequence of temporaUy-integrateable primary color 
image components, and deflects said sequence of patterned p-polarized colored 
30 light beams; 

a second color switching mechanism which sequentially interposes each 
of a second set of primary color filter segments in the path of said substantially 
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white s-polarized light beam to produce a sequence of s-polarized colored light 
beams whose colors correspond to the colors of said second sequence of 
temporally-integrateable primary color image components; 

a second TIR prism which deflects said sequence of s-polarized colored 
light beams onto said second SLM panel, receives a sequence of patterned 
s-polarized colored light beams reflected from said second SLM panel, each 
patterned s-polarized colored light beam carrying one primary color image 
component in said second sequence of temporally-integrateable primary color 
image components, and transmits said sequence of patterned s-polarized colored 
light beams; and 

a second PBS which transmits the sequence of patterned p-polarized 
colored light beams deflected by said first TIR prism and deflects the sequence 
of patterned s-polarized colored light beams transmitted by said second TIR 
prism, thereby to produce a combined output beam carrying both said first 
sequence and said second sequence of temporally-integrateable primary color 
image components. 

9. A device according to claim 8 further comprising at least one 
projection lens which projects said combined output beam onto a viewing screen 
to reproduce said temporally-integrated color image. 

10. A device according to claim 8 or claim 9, wherein said first color 
switching mechanism comprises a first color wheel, which accommodates said 
first set of primary color filter segments, and means for rotating said first color 
wheel to sequentially dispose each of said first set of primary color filter 
segments in the path of said substantially white p-polarized light beam, and 
wherein said second color switching mechanism comprises a second color wheel, 
which accommodates said second set of primary color filter segments, and means 
for rotating said second color wheel to sequentially dispose each of said second 
set of primary color filter segments in the path of said substantially white 
s-polarized light beam. 
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11. A device according to claim 10 wherein at least one of said first 
and second color wheels further accommodates a transparent segment which 
transmits substantially the entire light spectrum generated by said illumination 
unit. 

5 

12. A device according to any of claims 8-11 further comprising a 
collimating lens, which collimates said non-polarized, substantially white, light 
beam. 

10 13. A device according to any of claims 8-12 wherein at least one of 

said first and second sets of primary color filter segments comprises three 
different color filter segments. 



14. A device according to any of claims 8-13 wherein each of said 
1 5 first and second SLM panels comprises a DMD™ panel and wherein each of said 

first and second arrays of pixel elements comprises an array of selectively 
activated rmcro-rnirror pixel elements. 

15. A color projection display system for displaying a 
20 temporally-integrated color image comprising first and second sequences of 

temporally-integrateable primary color image components, the system 
comprising: 

a color projection display device according to any of claims 1-14; 
a data converter which converts an input signal representing 
25 three-primary-color image pixel data into a converted data signal representing 

said temporally-integrated color image; 

a data splitter which separates said converted data signal into said first 
and second input signals representing said first and second sequences of 
temporally-integrateable primary color image components, respectively; and 
30 first and second color-switching control units which control the rates at 

which said first and second color switching mechanisms, respectively, 
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sequentially interpose said first and second sets of primary color filter segments, 
respectively. 

16. A system according to claim 15 further comprising means for 
synchronizing between said first and second color-switching control units and 
said first and second driving circuitry, respectively, thereby to adapt the rate at 
which said first and second color-switching mechanisms sequentially interpose 
said first and second sets of primary color filter segments, respectively, to the 
rates at which said first and second driving circuitry produce said first and 
second sequences of reflective patterns, respectively. 

17. A system according to claim 15 or claim 16 wherein said 
three-primary-color image pixel data comprises image pixel data in a format 
selected from the group consisting of RGB, YCbCr and CMYK. 

18. A system according to any of claims 15-17 wherein said 
temporally integrated color image comprises at least four 
temporally-integrateable primary color image components. 

19. A system according to claim 18 wherein said temporally 
integrated color image comprises at least five temporally-integrateable primary 
color image components. 

20. A system according to claim 19 wherein said temporally 
integrated color image comprises at least six temporally-integrateable primary 
color image components. 

21. A color projection display device for displaying a 
temporally-integrated color image comprising first and second sequences of 
temporally-integrateable primary color image components, the device 
comprising: 

a first SLM panel comprising a first array of pixel elements; 
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a second SLM panel comprising a second array of pixel elements; 

first driving circuitry which receives a first input signal representing said 
first sequence of temporally-integrateable primary color image components and 
selectively activates said first array of pixel elements to produce a first sequence 
of reflective patterns corresponding to said first sequence of 
temporally-integrateable primary color image components; 

second driving circuitry which receives a second input signal representing 
said second sequence of temporally-integrateable primary color image 
components and selectively activates said second array of pixel elements to 
produce a second sequence of reflective patterns corresponding to said second 
sequence of temporally-integrateable primary color image components; 

an illu m i n ation unit which generates a substantially white light beam; 

a color switching mechanism which sequentially interposes each of at 
least three different color filter segments in the path of said substantially white 
light beam, each color filter segment having a different wavelength transmission 
spectrum, to produce a sequence of at least three, respective, color filtered light 
beams; and 

a beam-splitting prism which separates each color filtered fight beam in 
said sequence of at least three color filtered light beams into a first sub-spectrum 
beam whose color corresponds to the color of one of the primary color image 
components in said first sequence of temporally-integrateable primary color 
image components and a second sub-spectrum beam whose color corresponds to 
the color of one of the primary color image components in said second sequence 
of temporally-integrateable primary color image components, directs each said 
first sub-spectrum beam onto said first SLM panel, directs each said second 
sub-spectrum beam onto said second SLM panel, receives a first sequence of 
patterned colored light beams reflected from said first SLM panel, each patterned 
colored light beam in said first sequence of patterned colored light beams 
carrying one primary color image component in said first sequence of 
temporally-integrateable primary color image components, receives a second 
sequence of patterned colored light beams reflected from said second SLM panel, 
each patterned colored light beam in said second sequence of patterned colored 
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light beams carrying one primary color image component in said second 
sequence of temporally-integrateable primary color image components, and 
directs both said first sequence and said second sequence of patterned colored 
light beams in an output direction, thereby to produce a combined output beam 
5 carrying both said first sequence and said second sequence of 

temporally-integrateable primary color image components. 

22. A device according to claim 21 further comprising at least one 
projection lens which projects said combined output beam onto a viewing screen 

10 to reproduce said temporally-integrated color image. 

23. A device according to claim 21 or claim 22, wherein said color 
switching mechanism comprises a color wheel which accommodates said at least 
three color filter segments, and means for rotating said color wheel to 

1 5 sequentially dispose each of said at least three color filter segments in the path of 

said substantially white light beam. 

24. A device according to any of claims 21-23 further comprising a 
collimating lens, which collimates said sequence of color filtered light beams. 

20 

25. A device according to any of claims 21-24 wherein said first and 
second sub-spectrum beams comprise beams of at least four different primary 
colors. 

25 26. A device according to claim 25 wherein said first and second 

sub-spectrum beams comprise beams of at least five different primary colors. 

27. A device according to claim 26 wherein said first and second 
sub-spectrum beams comprise beams of at least six different primary colors. 

30 

28. A device according to any of claims 21-27 wherein each of said 
first and second SLM panels comprises a DMD™ panel, and wherein each of 
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said first and second arrays of pixel elements comprises an array of selectively 
activated rrucro-mirror pixel elements. 



29. A color projection display system for displaying a 
temporally-integrated color image comprising first and second sequences of 
temporaUy-integrateable primary color image components, the system 
comprising: 

a color projection display device according to any of claims 21-28; 

a data converter which converts an input signal representing 
three-primary-color image pixel data into a converted data signal representing 
said temporally-integrated color image; 

a data splitter which separates said converted data signal into said first 
and second input signals representing said first and second sequences of 
temporaUy-integrateable primary color image components, respectively; and 

a color-switching control unit which controls the rate at which said 
color-switching mechanism sequentially interposes said at least three color filter 
segments. 

30. A system according to claim 29 further comprising means for 
synchronizing between said color-swtching control unit and said first and second 
driving circuitry, thereby to adapt the rate at which said color-switching 
mechanism sequentially interposes said at least three different color filter 
segments, respectively, to the rate at which said first and second driving circuitry 
produce said first and second sequences of reflective patterns. 

31. A system according to claim 29 or claim 30 wherein said 
three-primary-color image pixel data comprises image pixel data in a format 
selected from the group consisting of RGB, YCbCr and CMYK. 
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Fig, 5A 
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